Development of rice varieties for tidal swamp areas is emphasized on the improvement of rice yield potential in specific environment. However, grain yield is a complex trait and highly dependent on the other agronomic characters; while information related to the relationship between agronomic characters and grain yield in the breeding program particularly for tidal swamp areas is very limited. The objective of this study was to investigate relationship between agronomic characters and grain yield of rice as a basis for selection of high yielding rice varieties for tidal swamp areas. Agronomic characters and grain yield of nine advanced rice breeding lines and two rice varieties were evaluated in a series of experiments in tidal swamp areas, Karang Agung Ulu Village, Banyuasin, South Sumatra, for four cropping seasons in dry season ( , and spikelet fertility (p = 0.215). Plant height had negative direct effect (p = -0.332) on grain yield, while maturity, number of spikelets per panicle, and 1000-grain weight showed negligible effect on rice grain yield. Present study suggests that indirect selection of high yielding tidal swamp rice can be done by selecting breeding lines which have many produc tive tillers, dense filled grains, and high spikelet fertility.
INTRODUCTION
Improvement of rice grain yield is the main target of breeding program to develop rice varieties for diverse ecosystems including tidal swamp areas. However, grain yield is a complex trait, controlled by many genes and highly affected by environment (Jennings et al. 1979) . In addition, grain yield also related with other characters such as plant type, growth duration, and yield components (Yoshida 1981) . The low heritability of grain yield characters made selection for high yielding varieties usually use secondary traits associated with yield (Atlin 2003) . Thus, information on contribution of each plant character to grain yield is important to make selection process more efficient.
Causal relationship between predictor variables and response variable can be defined by path analysis (Samonte et al. 1998) . Using path analysis, correlation coefficient is partitioned into two components, which are direct effect of a predictor variable on its response variable and indirect effect of that predictor variable on the response variable through other related variables (Williams et al. 1990 ). Path analysis has been intensively used to estimate contribution of yield related traits to grain yield of rice and assisted breeders to determine selection criteria to improve yield (Gravois and Helms 1992; Samonte et al. 1998; Oad et al. 2002; Babar et al. 2007 ). However, information on relationship of agronomic traits and grain yield in the breeding program for specific environment particularly for tidal swamp areas is very limited.
Rice improvement program for tidal swamp areas is addressed to develop rice varieties which can adapt with the problems which hamper rice growth in this type of ecosystem (Hairmansis et al. 2008) . Some important traits are required for rice to adapt with tidal land condition which is different with irrigated lowland rice. Rice varieties for tidal land are generally tall and grow rapidly, have strong culms and medium growth duration, and tolerant to abiotic stresses such as soil acidity and salinity (Harahap and Silitonga 1998) . Further information on relationship among plant characteristics is important to optimize selection for desirable rice breeding lines which are suitable for tidal land.
The objective of present study was to investigate relationship between agronomic characters and grain yield of rice as the basis for selection of high yielding rice varieties for tidal swamp areas.
MATERIALS AND METHODS
The rice breeding lines and varieties used in this study are shown in ). Measurement of rice characters referred to standard evaluation system for rice (IRRI 1996) .
Relationships between agronomic characters and grain yield were analyzed using simple correlation analysis and path analysis (Singh and Chaundhary 1979) . Analysis was taken based on average data in each environment. Simple correlation and path analysis were computed using computer software package of SAS version 8.
RESULTS AND DISCUSSION
Coefficients of correlation between all pairs of tidal swamp rice characters are shown in Table 2 . The agronomic characters which had positive relationship with grain yield were number of filled grains per panicle (r = 0.677), number of spikelets per panicle (r = 0.217), and spikelet fertility per panicle (r = 0.445). On the contrary, plant height (r = -0.258) was inversely correlated with grain yield. Among these traits, filled grains and spikelet fertility were significantly correlated with grain yield. The other characters, number of productive tillers (r = 0.056) and 1000-grain weight (r = -0.020), showed very weak correlation with grain yield. Gravois and Helms (1992) reported the importance of number of filled grains per panicle in determination of rice yield. In addition, Silitonga (1989) observed significant positive correlation between number of filled grains and grain yield of hybrid rice * and ** = significantly different at P < 0.05 and P < 0.01, respectively. Correlation coefficients between agronomic characters of tidal swamp rice as predictor variables and grain yield as response variable were partitioned into direct effect (p) and indirect effect (rp) through path analysis. Path coefficient of agronomic traits on grain yield of tidal swamp rice is shown in Table 3 .
Plant height had negative direct effect (p = -0.332) on grain yield. Its indirect effects on grain yield through maturity, number of filled grains per panicle, number of spikelets per panicle, and 1000-grain weight were negative, but it had positive indirect effect via number of productive tillers per hill. Product of these direct and indirect effects made this characters negatively correlated (r = -0.258) with grain yield. Number of productive tillers had positive and moderate direct effect (p = 0.356) on grain yield, however its indirect effect through other characters was mostly negative. This character only had positive indirect effect through spikelet fertility per panicle (rp = 0.032). When positive direct effect of number of productive tillers added with its indirect effect through other agronomic traits, the sum (correlation between number of productive tillers and grain yield) was very low (r = 0.056). Previous papers also mentioned that number of tillers had positive direct effect on grain yield (Samonte et al. 1998; Oad et al. 2002) . On the other hand, the low correlation between maturity and grain yield was figured by its low direct and indirect effects through other yield related traits. Its negative indirect effects through number of productive tillers, spikelet fertility, and 1000-grain weight resulted in negative correlation between maturity and grain yield.
Number of filled grains per panicle showed the highest correlation (r = 0.677) with grain yield compared to the other characters. This strong relationship was mostly determined by its direct effect on grain yield (p = 0.544). Its low indirect effects through other traits indicated that direct selection using this trait to select high yielding breeding lines will be effective. This result coincided with the previous studies which also reported that number of filled grains per panicle had significant positive direct effect on rice grain yield (Gravois and Helms 1992; Samonte et al. 1998) . On the contrary, number of spikelets per panicle exhibited very weak direct effect (p = 0.080) on grain yield, even though its correlation coefficient with number of filled grains per panicle was significantly positive.
Another character that positively correlated with grain yield was spikelet fertility (r = 0.445). Partitioning those, number of spikelets was the most important component limiting rice yield, while 1000-grain weight was rarely affected grain yield. Figure 1 explains detailed pathway of agronomic character effects on grain yield and its relationship of each other in determination of rice yield. Positive path coefficients of number of filled grains per panicle, number of productive tillers and spikelet fertility indicated the importance of these characters as a secondary trait in the selection to increase grain yield. In addition, plant height character which had negative direct effect on grain yield should be considered in the selection process by selecting rice plant type with semi-dwarf or intermediate plant height. Even though tidal swamp rice varieties are generally taller than irrigated rice, result from the present study indicated the importance of selection to reduce plant height to increase rice yield in tidal swamp areas. Yoshida (1981) suggested that high yield gain in rice varieties with reduced plant height associated with increase in lodging resistance of rice plant.
Knowledge on contribution of each agronomic character to grain yield will be useful to assist rice this coefficient correlation showed that the relationship was mostly determined by its positive direct effect (p = 0.215) on grain yield and its positive indirect effect through number of filled grains (rp = 0.268). Furthermore, loose association between 1000-grain weight and grain yield was caused by its low direct effect and indirect effect coefficients. Yoshida (1981) breeders as the indirect selection of grain yield during the early generation before conducting replicated yield trials (Samonte et al. 1998) . However, this study also showed high residual effect coefficient that was 0.644, which indicated there were other variables which determined rice grain yield and were not yet explained in this experiment. Further studies are needed to elucidate relationship of grain yield and the other morpho-physiological traits which is related to soil stress tolerance in tidal swamp areas such soil acidity, iron toxicity, aluminum toxicity, and nutrient deficiency.
CONCLUSION
Partitioning correlation coefficient through path analysis clarified direct effect of each agronomic character on grain yield of tidal swamp rice. Characters with positive direct effects on grain yield included number of productive tillers per hill, number of filled grains per panicle, and spikelet fertility. Plant height had negative direct effect on grain yield, while maturity, number of spikelets per panicle, and 1000-grain weight showed a weak direct effect on rice grain yield. Based on this information, indirect selection of high yielding tidal swamp rice can be taken by selecting breeding lines which have many productive tillers, dense filled grains, and high spikelet fertility.
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